The nuclear quadrupole resonance (NQR) spectrum of strontium doped La 2 CuO 4 surprisingly resembles the NQR spectrum of La 2 CuO 4 doped with excess oxygen, both spectra being dominated by a main peak and one principal satellite peak at similar frequencies. Using first-principles cluster calculations this is investigated here by calculating the electric field gradient (EFG) at the central copper site of the cluster after replacing a lanthanum atom in the cluster with a strontium atom or adding an interstitial oxygen to the cluster. In each case the EFG was increased by approximately 10 % leading unexpectedly to the explanation that the NQR spectra are only accidentally similar and the origins are quite different. Additionally the widths of the peaks in the NQR spectra are explained by the different EFG of copper centres remote from the impurity. A model, based on holes moving rapidly across the planar oxygen atoms, is proposed to explain the observed increase in frequency of both the main and satellite peaks in the NQR spectrum as the doping concentration is increased.
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Typeset using REVT E X 1 A large amount of information about static and dynamic properties of high-temperature superconducting oxides has been provided by nuclear magnetic resonance (NMR) and nuclear quadrupole resonance (NQR) experiments 1 . In certain materials, however, some NMR and NQR results are still not completely understood. In part, this is related to the lack of theoretical support since, to date, only a few first-principles calculations have addressed the local charge and spin density distributions. An example of these unresolved problems is the interpretation of the NQR spectra in doped La The good agreement between theory and experiment may be accidental in view of the small cluster size. Furthermore, there is no general consensus about the precise value of Q( 63 Cu).
Other sources of inaccuracy are due to the limited basis set used for the representation of the atomic orbitals and the choice of the exchange and correlation functionals for the treatment of the generalized gradient approximations beyond the local density approximations. Since we focus in this paper on the relative changes of the local electronic structure around the copper atom which are induced by models for various doping effects, all calculations are carried out at the same level of approximation. We expect then that the difference between EFG values calculated for different clusters will not significantly be influenced by the above inaccuracies.
It should further be remarked that the EFG cannot be explained in a simple one-electron (or rather one-hole) picture. The theoretical value results from cancellations between relatively large individual contributions from the various atomic shells which are listed in the second column of a.u.). For the Sr-doped system, however, the results differ strongly. In Ref. 10 , an increase of V zz by 1.5 % was reported while our HF calculations predict a change by 5.9 %.
Our DF results thus suggest that the B-line observed in La 2 CuO 4 upon doping with strontium simply originates from the Cu atoms next to the positions of the dopant atoms.
If the models M α and M β adequately describe the local electronic structure around the strontium dopant, a separate oxygen NQR spectrum is to be expected due to 17 Since each interstitial oxygen has four nearest copper atoms, the intensity of the B-line in La 2 CuO 4+δ is thus expected to increase with 4δ which is also in agreement with the experiments 9 .
Finally we study the shift of the A-line upon doping. We adopted model M γ where holes rapidly move across the planar oxygen sites. We express our gratitude to T. A. Claxton for enlightening discussions and critical reading of the manuscript. We gratefully acknowledge the help of P. Hüsser and E. P. Stoll. This work is partially supported by the Swiss National Science Foundation. 
TABLES

